empty spinel structure has 4 tetrahedral sites (4a) and 8 octahedral sites (8c) per unit cell, which are able to accommodate the Li or Na. We prepared all possible Li or Na intercalation orderings at these empty sites with symmetric considerations; and then we performed full geometry relaxation. As a result, both Na and Li atoms prefer the tetrahedral site by -0.22 and -0.42 eV per formular unit, respectively, compared with each octahedral site.
Water intercalation geometry in the spinel structure. For the H 2 O and H 3 O + intercalation in the spinel structure, similar approach is adopted; that is, first we placed the O w atom at the center of octahedral or tetrahedral site as the same way as Li or Na. Next, to determine the initial position of H w atoms, we assumed that H w atoms are located in the vertex direction of octahedron or tetrahedron to can intercalate into the tetrahedral site, while the H 3 O + can be located in both tetrahedral and octahedral sites depending on the above mentioned electronic conditions. We note that for all intercalation cases, the interplanar distance of (101) plane is around 5 Å as numbered in Figure S1 .
Also, we observed that the electrochemically inserted H 3 O + loses its one H w at the octahedral site 
